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METHODS AND APPARATUS FOR Horizontal drilling and multi - stage hydraulic fracturing 
SPATIALLY - ORIENTED have produced gas from shale and tight sand formations ; 

CHEMICALLY - INDUCED PULSED however , the primary recovery factors are less than 20 % . 
FRACTURING IN RESERVOIRS Unconventional reserves trapped within very low perme 

5 ability formations , such as tight gas or shale formations , 
PRIORITY exhibit little or no production . These are economically 

undesirable to develop with existing conventional recovery 
This application is a non - provisional application claiming methods . Such reservoirs require a large fracture network 

priority to and the benefit of U.S. Prov . App . Ser . No. with high fracture conductivity to maximize well perfor 
62 / 251,611 , filed Nov. 5 , 2015 , the entire disclosure of 
which is incorporated here by reference . SUMMARY 

10 mance . 

FIELD The disclosure relates to apparatus and methods for 
This disclosure relates to apparatus and methods for 15 directing a chemically - induced pulse . More specifically , the 

disclosure relates to spatially orienting a chemically - induced spatially orienting or directing a chemically - induced pulse . pressure pulse in a hydrocarbon - bearing reservoir . As More specifically , this disclosure relates to spatially orient explained previously , there are high costs , blockages , and ing a chemically - induced pressure pulse in a hydrocarbon other disadvantages associated with conventional hydraulic bearing reservoir . 20 fracturing , and therefore apparatus and methods that 
increase the stimulated reservoir volume of unconventional 

BACKGROUND gas wells are desired . 
In embodiments of the present disclosure , reactive chemi 

Hydraulic fracturing fluids containing proppants are used cals are combined to induce a spatially - oriented pressure 
extensively to enhance productivity from hydrocarbon - bear- 25 pulse and create multiple fractures , optionally including a 
ing reservoir formations , including carbonate and sandstone fracture network and auxiliary fractures , in a hydrocarbon 
formations . During hydraulic fracturing operations , a frac- bearing reservoir . Induced fractures are created proximate a 
turing treatment fluid is pumped under a pressure and rate wellbore or any other desired fracturing area . Embodiments 
sufficient for cracking the formation of the reservoir and of the apparatus and method are designed to execute down 
creating a fracture . Fracturing operations usually consist of 30 hole exothermic reaction stimulation and to create spatially 
three main stages including a pad fluid stage , a proppant oriented fractures around the wellbore to enhance produc 
fluid stage , and an overflush fluid stage . The pad fluid stage tivity from a hydrocarbon - bearing reservoir . Embodiments 
typically consists of pumping a pad fluid into the formation . of the apparatus and method can be applied in both an 
The pad fluid is a viscous , gelled fluid which initiates and open - hole wellbore and a wellbore with casing . Embodi 
propagates the fractures . The proppant fluid stage involves 35 ments of the apparatus provide multiple advantages , includ 
pumping a proppant fluid into the fractures of the formation . ing the ability to orient exothermic energy in a desired and 
The proppant fluid contains proppants mixed with a viscous , pre - determined direction and the ability to create several 
gelled fluid or a visco - elastic surfactant fluid . The proppants fractures in multiple desired directions in a single pulse by 
in the proppant fluid are lodged in the fractures and create utilizing a rotational orientation director . 
conductive fractures through which hydrocarbons flow . The 40 Other advantages of the present disclosure include 
final stage , the overflush stage , includes pumping a viscous increasing the stimulated reservoir volume in unconven 
gelled fluid into the fractures to ensure the proppant fluid is tional reservoirs and tight gas developments , and therefore 
pushed inside the fractures . enhancing the productivity of these reservoirs . Certain 

Unconventional gas wells require an extensive fracturing embodiments also enable fracturing of high - stress rocks and 
network to increase the stimulated reservoir volume and to 45 deep unconventional reservoirs , where conventional hydrau 
create commercially producing wells . One commonly lic fracturing methods have failed to fracture the formations . 
employed technique is multi - stage hydraulic fracturing in With embodiments of the disclosure , pressurizing time 
horizontal wells , which is very costly and may not provide can be controlled , so fracturing patterns can be optimized . 
the required stimulated reservoir volume . Moreover , tradi- Chemically - induced pressure pulse fracturing allows for 
tional hydraulic fracturing methods use huge amounts of 50 inert gas expansion , creates multiple fractures , and also can 
damaging gels pumped downhole as noted previously . Even be spatially oriented into one dominant fracture using niches 
with traditional breakers , significant amounts of polymeric and perforations . Embodiments of a tool have been designed 
material cannot be recovered and , therefore , fracture con- to create multiple spatially - oriented fractures in open or 
ductivity is reduced . cased hole wells . The fracturing technology disclosed over 

Fracking technologies that are currently used have an 55 comes previous challenges : no compacted zones are created 
array of deficiencies : 1 ) hydraulic fracturing has the longest around the wellbore area ( as with explosives ) , there are no 
pressure rise time and creates a single radial fracture ; 2 ) viscous fluids involved , there is no oxidation , and no spe 
explosives downhole have the shortest rise time and gener- cialty rig operations are required . 
ate compacted zones with multiple radial fractures ; 3 ) pro- Therefore , disclosed is an apparatus for spatially orienting 
pellants have intermediate pressure rise time with multiple 60 a subterranean pressure pulse in a hydrocarbon - bearing 
fractures . Formation damage is another problem . Explosives formation . The apparatus includes an injection body with a 
create a damaged zone , impairing permeability and commu- fixed shape , where the injection body is operable to hold an 
nication with the reservoir . Hydraulic fracturing induces exothermic reaction component prior to triggering an exo 
fracture damage which retains viscous fracturing fluids near thermic reaction of the exothermic reaction component , and 
the fracture area and blocks gas flow . Propellants introduce 65 where the injection body maintains the fixed shape during 
the risk of oxidation , and require special tools with rig and after triggering of the exothermic reaction component ; 
operations . a chemical injection port , where the chemical injection port 
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is operable to feed components of the exothermic reaction controlled remotely from the surface . In yet other embodi 
component to the injection body ; and a reinforced plug , ments , the fracture is substantially planar . Still in other 
where the reinforced plug is operable to direct a pressure embodiments , the method includes the step of rotating the 
pulse generated by the exothermic reaction component perforated pressure pulse spatially - orienting tool within the 
within the injection body to a perforation to generate a formation to direct the spatial orientation of the fracture . 
spatially - oriented fracture , where spatial orientation of the BRIEF DESCRIPTION OF THE DRAWINGS spatially - oriented fracture is pre - determined . 

In some embodiments , the injection body further com 
prises a liner with a slot . In other embodiments , the slot These and other features , aspects , and advantages of the 

present disclosure will become better understood with further comprises a rupture membrane , where the rupture 10 regard to the following descriptions , claims , and accompa membrane is operable to rupture upon triggering of the nying drawings . It is to be noted , however , that the drawings exothermic reaction component . Still in other embodiments , illustrate only several embodiments of the disclosure and are the injection body further comprises a rotational orientation therefore not to be considered limiting of the scope as it can port , where the rotational orientation port is adjustable about admit to other equally effective embodiments . a 360 ° rotational angle to direct the pressure pulse . Still in 15 FIGS . 1A and 1B are pictorial representations showing 
other embodiments , the reinforced plug comprises a first the effect of non - spatially - oriented , chemically - pulsed frac 
reinforced plug and a second reinforced plug , where the first turing on a cement sample . 
reinforced plug and the second reinforced plug are operable FIG . 2A is a pictorial representation showing a cement 
to direct a pressure pulse generated by the exothermic sample before the effect of non - spatially - oriented , chemi 
reaction component within the injection body to the perfo- 20 cally - pulsed fracturing . 
ration . FIGS . 2B and 2C are pictorial representations showing a 

Still in some other embodiments , the first reinforced plug cement sample after the effect of non - spatially - oriented , 
and second reinforced plug are threadingly attachable and chemically - pulsed fracturing . 
detachable from the injection body . In some embodiments , FIG . 3 is a graph showing the experimental conditions and 
the apparatus further comprises a centralizer . In other 25 the effect of the pressure pulse in the experiment generating 
embodiments , the apparatus includes a low pressure rupture the fractures shown in FIGS . 2B and 2C . 
sleeve . Still in other embodiments , the chemical injection FIGS . 4A and 4B are pictorial representations showing a 
port further comprises at least two chemical injection con single , substantially vertical , and substantially longitudinal 
duits , the chemical injection conduits operable to allow only fracture generated by a spatially - oriented , chemically - in 

duced pressure pulse in cement block without applied one way flow into the injection body . In yet other embodi- 30 external compression . ments , the injection body comprises more than one perfo FIG . 5 is a pictorial representation showing a single , ration operable to direct the pressure pulse . substantially vertical , and substantially longitudinal fracture 
Further disclosed is a method of increasing a stimulated generated by a spatially - oriented , chemically - induced pres 

reservoir volume in a hydrocarbon - bearing formation , the sure pulse while the cement block was under 340 atm ( 5,000 method including the steps of : disposing a perforated pres- 35 psi ) biaxial compression . 
sure pulse spatially - orienting tool within the formation to FIGS . 6A and 6B are pictorial representations showing a 
direct a pressure pulse in a pre - determined direction ; dis longitudinal and vertical fracture generated by a spatially 
posing in the perforated pressure pulse spatially - orienting oriented , chemically - induced pressure pulse using direc 
tool an exothermic reaction component in an aqueous solu- tional niches . 
tion ; triggering the exothermic reaction component to gen- 40 FIG . 7 is a schematic representation of one embodiment 
erate an exothermic reaction which produces a pressure of a tool used to spatially orient a chemically - induced 
pulse ; and generating the pressure pulse , such that the pressure pulse . 
pressure pulse is operable to create a fracture in the pre- FIG . 8 is a schematic representation of one embodiment 
determined direction . of a tool used to spatially orient a chemically - induced 

In some embodiments of the method , the exothermic 45 pressure pulse ( exemplified use in FIG . 5 ) . 
reaction component comprises an ammonium containing FIG . 9 is a schematic of a tool for spatially orienting a 
compound and a nitrite containing compound . Still in other chemically - induced pressure pulse in an open hole wellbore 
embodiments of the method , the ammonium containing ( wellbore without casing ) in a hydrocarbon - bearing forma 
compound comprises NH , Cl and the nitrite containing com- tion . 
pound comprises NaNO2 . In some embodiments , the trig- 50 FIG . 10 is an enlarged - view schematic of the tool head 
gering step further includes a step selected from the group from FIG . 9 . 
consisting of : heating the exothermic reaction component to FIG . 11 is a schematic of alternative liners for spatially 
a temperature of the hydrocarbon - bearing formation ; apply- orienting a chemically - induced pressure pulse using alter 
ing microwave radiation to the exothermic reaction compo- native slots and rotational orientation ports . 
nent ; and decreasing the pH of the exothermic reaction 55 FIG . 12 is a schematic of a tool for spatially orienting a 
component . In other embodiments , the pressure pulse pro- chemically - induced pressure pulse in a cased hole wellbore 
duces between 500 psi and 50,000 psi pressure . ( wellbore with casing ) in a hydrocarbon - bearing formation . 

Still in yet other embodiments , the pressure pulse creates FIG . 13 is a schematic of the open hole cavity of FIG . 6A 
auxiliary fractures in less than about 10 seconds . In some with measurements provided for directional niches . 
embodiments , the pressure pulse creates fracture in the 60 FIG . 14 is a schematic showing multiple fractures creat 
pre - determined direction in less than about 5 seconds . Still ing a fracture network extending radially outwardly from a 
in other embodiments , the step of generating the pressure horizontally - drilled wellbore . 
pulse further comprises the step of generating a substantially 
planar fracture . In yet some other embodiments , the method DETAILED DESCRIPTION 
further includes the step of rupturing a membrane . Still in 65 
other embodiments , the step of disposing a perforated pres- While the disclosure will be described with several 
sure pulse spatially - orienting tool within the formation is embodiments , it is understood that one of ordinary skill in 
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the relevant art will appreciate that many examples , varia- nium chloride , ammonium bromide , ammonium nitrate , 
tions and alterations to the apparatus and methods described ammonium sulfate , ammonium carbonate , and ammonium 
are within the scope and spirit of the disclosure . Accord- hydroxide . 
ingly , the embodiments of the disclosure described are set In at least one embodiment , the exothermic reaction 
forth without any loss of generality , and without imposing 5 component includes nitrite containing compounds . Nitrite 
limitations , on the claims . containing compounds include sodium nitrite and potassium 

Embodiments of an apparatus and method to increase the nitrite . In at least one embodiment , the exothermic reaction stimulated reservoir volume of a hydrocarbon - bearing for component includes both ammonium containing compounds mation are described as follows . The apparatus and method and nitrite containing compounds . In at least one embodi to increase a stimulated reservoir volume can be used in 10 ment , the ammonium containing compound is ammonium oil - containing formations , natural - gas - containing forma chloride , NH_C1 . In at least one embodiment , the nitrite tions , water - containing formations , or any other formation . 
In at least one embodiment of the present disclosure , the containing compound is sodium nitrite , NaNO2 . 
method to increase a stimulated reservoir volume can be In at least one embodiment , the exothermic reaction 
performed to create fractures and auxiliary fractures in any 15 component includes two redox reactants : NH4Cl and 
one of or any combination of sandstone , limestone , shale , NaNO2 , which react according to the following equation : 
and cement . 

In one embodiment of the present disclosure , a method to 
increase a stimulated reservoir volume in a gas - containing NH4Cl + NaNO2 ( H and / or AH and / or microwaves ) N2 + Equation 1 
formation is provided . The gas - containing formation can 20 NaCl + 2 H2O + Heat . 
include a tight gas formation , an unconventional gas forma 
tion , and a shale gas formation . Formations include Indiana 
limestone , Beria sandstone , and shale . The stimulated res- In a reaction of the exothermic reaction components 
ervoir volume is the volume surrounding a wellbore in a according to the aforementioned equation , generated gas and 
reservoir that has been fractured to increase well production . 25 heat can contribute to either one of or both of a pressure 
Stimulated reservoir volume is a concept useful to describe pulse to create fractures in a hydrocarbon - bearing formation the volume of a fracture network . The method to increase a 
stimulated reservoir volume can be performed regardless of and a reduction of the viscosity in a residual viscous material 
the reservoir pressure in the gas - containing formation . The in the hydrocarbon - bearing formation . 

The exothermic reaction component is triggered to react . method to increase a stimulated reservoir volume can be 30 
performed in a gas - containing formation having a reservoir In at least one embodiment , the exothermic reaction com 
pressure in a range of atmospheric pressure to about 680 ponent is triggered within the fractures . In at least one 
atmospheres ( atm ) ( 10,000 pounds per square inch ( psi ) ) . A embodiment , the exothermic reaction is triggered within the 
stimulated reservoir volume comprising a fracture network body of a pressure pulse spatially - orienting tool disposed 
can be spatially and directionally oriented relative to a 35 within a wellbore of a hydrocarbon - bearing formation . In at 
wellbore in certain embodiments of the disclosure . least one embodiment of the present disclosure , an acid 

In embodiments of the present disclosure , an exothermic precursor triggers the exothermic reaction component to 
reaction component is triggered to generate heat and pres- react by releasing hydrogen ions . In other embodiments , an 
sure . When heat and pressure are generated quickly , a increase in temperature of the exothermic reaction compo 
pressure pulse is created . A pressure pulse can be generated 40 nent , either by the well or by external heating or both , is used 
by triggering an exothermic reaction component in less than to trigger the exothermic reaction component . In some 
about 10 seconds , and in some embodiments less than about embodiments , microwave radiation applied to the exother 
1 second . An exothermic reaction of one or more exothermic mic reaction component is used to trigger the exothermic 
reaction components can be triggered by an increase in reaction . Any one of or any combination of heating , change 
temperature of the exothermic reaction component , option- 45 in pH , and microwaves can be used to trigger the exothermic 
ally brought about by external heating from the surface or reaction component in situ . 
heating of the exothermic reaction component by heating The acid precursor is any acid that releases hydrogen ions 
from the hydrocarbon - bearing reservoir formation . The exo- to trigger the reaction of the exothermic reaction component . 
thermic reaction of the exothermic reaction component can Acid precursors include triacetin ( 1,2,3 - triacetoxypropane ) , 
be triggered by a change in pH of the exothermic reaction 50 methyl acetate , HCl , and acetic acid . In at least one embodi 
component , such as by adding an acid or base . ment , the acid precursor is triacetin . In at least one embodi 

In some embodiments , the exothermic reaction of the ment of the present disclosure , the acid precursor is acetic 
exothermic reaction component is triggered by microwave acid . 
radiation being radiated toward the exothermic reaction In at least one embodiment , the exothermic reaction 
component in situ . In some embodiments , a combination of 55 component is triggered by heat . The wellbore temperature is 
heating the exothermic reaction component and radiating reduced during a pre - pad injection or a pre - flush with brine 
microwave radiation toward the exothermic reaction com- and reaches a temperature less than about 48.9 ° C. ( 120 ° F. ) . 
ponent can trigger the exothermic reaction in situ , or within When the wellbore temperature reaches a temperature 
the hydrocarbon - bearing formation . greater than or equal to about 48.9 ° C. ( 120 ° F. ) , the reaction 

In certain embodiments , the exothermic reaction compo- 60 of the redox reactants is triggered . In at least one embodi 
nent includes one or more redox reactants that exothermi- ment of the present disclosure , the reaction of the redox 
cally react to produce heat and increase pressure . Exother- reactants is triggered by temperature in the absence of the 
mic reaction components include urea , sodium hypochlorite , acid precursor . In at least one embodiment of the present 
ammonium containing compounds , and nitrite containing disclosure , the exothermic reaction component is triggered 
compounds . In at least one embodiment , the exothermic 65 by heat when the exothermic reaction component is disposed 
reaction component includes ammonium containing com- within a pressure pulse spatially - orienting tool which itself 
pounds . Ammonium containing compounds include ammo- is disposed within the fractures . 
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In at least one embodiment , the exothermic reaction F. ) and about 110 ° C. ( 230 ° F. ) , alternately between about 
component is triggered by pH . First , a base is added to the 60 ° C. ( 140 ° F. ) and about 98.9 ° C. ( 210 ° F. ) , alternately 
exothermic reaction component to adjust the pH to between about 71.1 ° C. ( 160 ° F. ) and about 87.8 ° C. ( 190 ° F. ) . In at 
9 and 12. In at least one embodiment the base is potassium least one embodiment , the wellbore temperature is about 
hydroxide . Following the injection of the exothermic reac- 5 93.3 ° C. ( 200 ° F. ) . In at least one embodiment , the wellbore 
tion component into a pressure pulse spatially - orienting tool temperature at which the exothermic reaction component 
( described further as follows ) , an acid is injected to adjust reacts is affected by the pre - selected solution pH and an 
the pH to less than about 6. When the pH is less than about initial pressure . The initial pressure is the pressure of the 
6 , the reaction of the redox reactants is triggered . In at least exothermic reaction component just prior to the reaction of 
one embodiment of the present disclosure , the exothermic 10 the exothermic reaction component . Increased initial pres 
reaction component is triggered by pH when the exothermic sure can increase the wellbore temperature that triggers the 
reaction component is disposed within a pressure pulse reaction of the exothermic reaction component . Increased 
spatially - orienting tool , which itself is disposed proximate pre - selected solution pH can also increase the wellbore 
reservoir areas to be fractured , or is disposed within certain temperature that triggers the reaction of the exothermic 
fractures . 15 reaction component . 

Notably , the exothermic chemical reaction of the present When the exothermic reaction component reacts , the 
disclosure is triggered by inert processes such as increase in reaction generates a pressure pulse and heat . The pressure 
temperature , in addition to or alternative to a decrease in pH , pulse is generated within milliseconds from the start of the 
in addition to or alternative to application of microwaves . In reaction . The pressure pulse is at a pressure between about 
other words , the reaction is triggered in the absence of or 20 34 atm to about 3402 atm ( about 500 psi and about 50,000 
without a propellant , spark , or firing , which makes the psi ) , alternately between about 34 atm and about 1361 atm 
exothermic reaction component much safer to contain and ( 500 psi and about 20,000 psi ) , alternately between about 34 
apply in a hydrocarbon environment . No detonation is atm and about 1021 atm ( about 500 psi and about 15,000 
taking place in situ . The exothermic reaction of appropriate psi ) , alternately between about 68 atm and about 680 atm 
exothermic reaction components creates a pressure pulse 25 ( about 1,000 psi and about 10,000 psi ) , alternately between 
sufficient to fracture the formation , and a spatially - orienting about 68 atm and about 340 atm ( 1,000 psi and about 5,000 
tool will orient the created fractures . Embodiments of spa- psi ) , and alternately between about 340 atm and about 680 
tially - orienting tools described here contain two or more atm ( about 5,000 psi and about 10,000 psi ) . 
injection lines to allow injecting two or more different In certain embodiments , the pressure pulse creates aux 
reactants in - situ separately . One advantage presented by the 30 iliary fractures . The auxiliary fractures extend from the point 
safety of the exothermic reaction component and the ability of reaction in a pre - determined and pre - selected direction 
to inject the reactants separately is that multiple fracturing without causing damage to the wellbore or the fractures 
pulses can be created in one run downhole . created . The pressure pulse creates the auxiliary fractures 

In at least one embodiment , the exothermic reaction regardless of the reservoir pressure . The pressure of the 
component includes NH4Cl and NaNO2 . The acid precursor 35 pressure pulse is affected by the initial reservoir pressure , the 
is acetic acid . The acetic acid is mixed with NH4Cl and is concentration of the exothermic reaction component , and the 
injected in parallel with the NaNO2 , using different sides of solution volume . In addition to the pressure pulse , the 
dual - string coiled tubing . reaction of the exothermic reaction component releases heat . 

In certain embodiments of the present disclosure , the The heat released by the reaction causes a sharp increase in 
exothermic reaction component is mixed to achieve a pre- 40 the temperature of the formation , which causes thermal 
selected solution pH . The pre - selected solution pH is in a fracturing . Thus , the heat released by the exothermic reac 
range of about 6 to about 9.5 , alternately about 6.5 to about tion component contributes to the creation of the auxiliary 
9. In at least one embodiment , the pre - selected solution pH fractures . The exothermic reaction component allows for a 
is 6.5 . The exothermic reaction component reacts and upon high degree of customization to meet the demands of the 
reaction generates a pressure pulse that creates fractures , 45 formation and fracturing conditions . 
optionally including auxiliary fractures and a fracture net- The method of the present disclosure can be adjusted to 
work . In some embodiments of the present disclosure , the meet the needs of the fracturing operation . In one embodi 
apparatus and methods can be used in combination with ment , the fracturing fluid includes an exothermic reaction 
conventional fracturing fluids . component that reacts to both create auxiliary fractures and 

For example , fracturing fluid is used in a primary opera- 50 to cleanup residual viscous material from the fracturing 
tion to create primary fractures . The auxiliary fractures fluid . In one embodiment of the present disclosure , the 
created by the apparatus and methods of the present disclo- fracturing fluid includes an exothermic reaction component 
sure extend from the primary fractures caused by the frac- that reacts to only create auxiliary fractures . In one embodi 
turing fluid to create a fracture network . The fracture net- ment , the fracturing fluid includes an exothermic reaction 
work increases the stimulated reservoir volume . In some 55 component that reacts to only cleanup residual viscous 
embodiments , the injection of the hydraulic fracturing fluid , material by reducing viscosity of a residual material with 
including any one of or any combination of a viscous fluid generated heat . 
component , a proppant component , an overflush component , Non - Spatially - Oriented Chemically - Induced Pressure 
and an exothermic reaction component , does not generate Pulses 
foam or introduce foam into the hydraulic formation includ- 60 Referring now to FIGS . 1A and 1B , pictorial representa 
ing the hydraulic fractures . tions are provided showing the effect of non - spatially 

In at least one embodiment , the exothermic reaction oriented , chemically - pulsed fracturing on a cement sample . 
component reacts when the exothermic reaction component Cement sample 100 is a 20.32 centimeter ( cm ) ( 8 inch ( in ) ) 
reaches the wellbore temperature . The wellbore temperature by 20.32 cm ( 8 in ) by 20.32 cm ( 8 in ) cube or block . FIGS . 
is between about 37.8 ° C. ( 100 ° F. ) and about 121 ° C. ( 250 ° 65 14 and 1B show fracturing that results from the pressure 
F. ) , alternately between about 48.9 ° C. ( 120 ° F. ) and about pulse of an exothermic reaction component without spatially 
121 ° C. ( 250 ° F. ) , alternately between about 48.9 ° C. ( 120 ° orienting the direction of the pressure and heat generated by 
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the exothermic reaction . The exothermic reaction was trig- controlled by mechanical tightening of the base and top 
gered with the exothermic reaction component located in an plates . Then , the exothermic reaction component was 
open hole drilled in the geometric center of the block . As a injected in the rock sample at atmospheric pressure and 
result , a substantially vertical fracture 102 was generated room temperature at a rate of 15 cubic centimeters / minute 
through the cement sample 100 to a side face 104 , and a 5 ( cc / min ) . The rock sample was then heated for 2 to 3 hours 
substantially vertical fracture 106 was generated through the until the reaction took place and fractures were created . 
cement sample 100 to a side face 108 . The reaction was triggered at 75 ° C. ( 167 ° F. ) . The applied 

Portland cement was used in the examples presented horizontal stress was 272 atm ( 4,000 psi ) in both directions , 
throughout the disclosure , and the cement was casted from as shown in FIG . 3. Four vertical fractures 204 , 206 , 208 , 
mixing water and cement with a weight ratio of about 10 and 210 were created with respect to the vertical open hole 
31 : 100 , respectively . The physical and mechanical proper- 202. The fracture geometry shows that the fractures were 
ties of the rock samples were porosity of about 24 % , bulk vertical with respect to the vertical openhole wellbore . The 
density of about 2.01 gm / cm , Young's modulus of about fracture geometry indicates that two sets of fractures propa 
1.92x10 psi , Poisson's ratio of about 0.05 , uniaxial com- gated from the vertical openhole wellbore to the end of the 
pressive strength of about 3,147 psi , cohesive strength of 15 cement sample 200 , indicating that the pressure generated 
about 1,317 psi , and an internal friction angle of about 10 ° . by the exothermic reaction component was greater than 544 
The breakdown pressure for cement sample 100 shown in atmospheres ( atm ) ( 8,000 psi ) . Each created planar fracture 
FIGS . 1A and 1B was 4,098 psi . propagated in the direction of one of the horizontal stresses , 

There was no external pressure or compression applied and perpendicular to the direction of the other , as the applied 
during the experiment shown in FIGS . 1A and 1B . 86 ml of 20 stress was equal in both horizontal directions . 
solution ( containing 3 molar sodium nitrite and 3 molar Referring now to FIG . 3 , a graph is provided showing the 
ammonium chloride ) were injected in cement sample 100 to experimental conditions and the effect of the pressure pulse 
create the pressure pulse . The pH of the solution was about in the experiment generating the fractures shown in FIGS . 
6.5 . The reaction was triggered by heating cement sample 2B and 2C . The exothermic reaction component comprising 
100 to about 93.3 ° C. ( about 200 ° F. ) . Cement sample 100 25 3M ammonium chloride and 3M sodium nitrite was heated 
was placed in a 93.3 ° C. ( 200 ° F. ) oven for heating . A within cement sample 200 , and the exothermic reaction was 
vertical openhole was casted in the geometric center of the triggered at 75 ° C. ( 167 ° F. ) . Once triggered , the reaction 
block . The hole was 7.62 cm ( 3 in ) long and 3.81 cm ( 1.5 in ) quickly generated pressure , heat , and a pressure pulse to 
in diameter . Chemicals were injected from one inlet 118 as fracture cement sample 200 as shown in FIGS . 2A and 2B . 
shown in FIG . 1A . Inlet 118 and an outlet ( not shown ) were 30 Confined tests confirm that the initial reservoir pressure does 
closed with valves . not diminish the pulse pressure and the ability of the pulse 
On upper face 110 , a substantially longitudinal fracture pressure to generate fractures , fracture networks , and aux 

112 was generated through cement sample 100 to upper face iliary fractures . 
110 , and a substantially transverse fracture 114 and a sub- Spatially - Oriented , Chemically - Induced Pressure Pulses 
stantially transverse fracture 116 were generated through 35 Referring now to FIGS . 4A and 4B , pictorial representa 
cement sample 100 to upper face 110. The fractures shown tions are provided showing a single , substantially vertical , 
in FIGS . 1A and 1B are considered to be random or and substantially longitudinal fracture generated by a spa 
non - ordered , as the pressure pulse and heat from the exo- tially - oriented , chemically - induced pressure pulse . Cement 
thermic reaction of the exothermic reaction component were sample 400 is a cement cube or block with dimensions 25.4 
not spatially directed or oriented . In another experiment , 40 ( cm ) ( 10 in ) by 25.4 cm ( 10 in ) by 25.4 cm ( 10 in ) . A 
non - spatially - oriented , chemically - pulsed fracturing was perforated pressure pulse spatially - orienting tool 402 is 
carried out on a 20.32 ( cm ) ( 8 in ) by 20.32 cm ( 8 in ) by shown embedded within cement sample 400 at the center of 
20.32 cm ( 8 in ) cement sample under 340 atm ( 5,000 psi ) the block . Perforated pressure pulse spatially - orienting tool 
compression from all sides ( also referred to as biaxial 402 was a perforated tool with two holes , and was used to 
confinement stress ) . Fracturing results were achieved similar 45 contain and direct the exothermic reaction of the exothermic 
to those shown in FIGS . 1A and 1B . reaction component and tool 402 spatially oriented the 

Referring now to FIG . 2A , a pictorial representation is pressure pulse . Pressure pulse spatially - orienting tools , such 
provided showing a cement sample before the effect of as perforated pressure pulse spatially - orienting tool 402 , are 
non - spatially - oriented , chemically - pulsed fracturing . described further as follows with regards to FIGS . 7-12 . 
Cement sample 200 is a 20.32 ( cm ) ( 8 in ) by 20.32 cm ( 8 in ) 50 FIGS . 4A and 4B show that because perforated pressure 
by 20.32 cm ( 8 in ) cube or block and has a 3.81 cm ( 1.5 in ) pulse spatially - orienting tool 402 was used to direct the 
diameter vertical open hole 202 drilled in the geometric pressure pulse generated by the exothermic reaction of the 
center of the cube through the entire height of the cube H. exothermic reaction component , only one substantially lon 
Cement sample 200 has physical properties substantially the gitudinal fracture 404 is visible in an upper face 406 of 
same as those as described with regard to cement sample 100 55 cement sample 400. As can be seen , there are no transverse 
in FIGS . 1A and 1B . To each side of cement sample 200 was fractures proceeding perpendicularly to substantially longi 
applied 272 atm ( 4,000 psi ) compression . The exothermic tudinal fracture 404 in upper face 406 of cement sample 400 . 
reaction component contained 3 M sodium nitrite and 3 M Similarly , in side face 408 only one substantially vertical 
ammonium chloride . fracture 410 is visible . There are no horizontal fractures 

Referring now to FIGS . 2B and 2C , pictorial representa- 60 proceeding perpendicularly to substantially vertical fracture 
tions are provided showing the cement sample 200 after the 410. Cement sample 400 is shown to be broken into sub 
effect of non - spatially - oriented , chemically - pulsed fractur- stantially neat halves 412 , 414 with the use of perforated 
ing . The confined condition test was simulated in the center pressure pulse spatially - orienting tool 402 . 
of the 20.32 ( cm ) ( 8 in ) by 20.32 cm ( 8 in ) by 20.32 cm ( 8 FIGS . 4A and 4B represent the same experiment and same 
in ) cement sample 200. Cement sample 200 was placed in a 65 cement sample 400 with different views . FIG . 4B shows the 
biaxial loading frame where two horizontal stresses of a tool used ( shown in FIG . 7 ) within the cement sample 400 . 
given stress were applied while the vertical stress was In the experiment of FIGS . 4A and 4B , there was no external 
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stress or compression applied to cement sample 400. In FIG . fracture 610 and substantially longitudinal fracture 614 
5 , cement sample 500 was placed in a biaxial system and together form an oriented pulse fracture that is substantially 
stress was applied . The pressure pulse orienting tools used square in the cross section through the cement sample 600 . 
are in principle substantially similar between FIGS . 4 and 5 . The oriented pulse fracture extends in both directions 

The cement type and physical properties are as earlier 5 along the Y and Z axes outwardly from the niche - directed , 
described with regards to FIGS . 1A and 1B . Perforated spatially - oriented pressure pulse proceeding outwardly from 
pressure pulse spatially - orienting tool 402 was positioned in cavity 604 , forming a substantial plane along the Y and Z 
the geometric center of the cement sample 400. Perforated axes . There are no substantial fractures proceeding out 
pressure pulse spatially - orienting tool 402 was 12.7 cm ( 5 wardly from niche - directed spatially - oriented pressure pulse 
in ) in height and 4.572 ( 1.8 in ) in diameter . Tool 402 had two 10 along the X axis perpendicular to the plane formed by the Y 
oppositely placed perforations , one of which ( perforation and Z axes . The physical properties of cement sample 600 
403 ) is shown in FIG . 4B in the walls of tool 402. As can be are substantially the same as those described for cement 
seen , the perforations , including perforation 403 , align with sample 100 in FIGS . 1A and 1B . The solution concentration 
substantially longitudinal fracture 404. The solution concen- was 3 molar sodium nitrite and 3 molar ammonium chloride , 
tration was 3 molar sodium nitrite and 3 molar ammonium 15 with 6.5 pH . The reaction was triggered by heating cement 
chloride , with 6.5 pH . The reaction was triggered by heating sample 400 to about 93.3 ° C. ( about 200 ° F. ) . 
cement sample 400 to about 93.3 ° C. ( about 200 ° F. ) . Pressure Pulse Spatially - Orienting Tools 

Referring now to FIG . 5 , a pictorial representation is FIG . 7 is a schematic representation of one embodiment 
provided showing a single , substantially vertical , and sub- of a tool used to spatially - orient a chemically - induced 
stantially longitudinal fracture generated by a spatially- 20 pressure pulse . Perforated pressure pulse spatially - orienting 
oriented , chemically - induced pressure pulse while the tool 700 includes a lower reinforced plug 702 , an upper 
cement block is under 340 atm ( 5,000 psi ) compression . reinforced plug 704 , and an injection body 706. In the 
Cement sample 500 was fractured using a perforated pres- embodiment shown , lower reinforced plug 702 and upper 
sure pulse spatially - orienting tool 502 ( placed in the geo- reinforced plug 704 twist or screw onto injection body 706 
metric center of the cement sample 500 ) , which is pictured 25 by threads 707. Reinforced plugs 702 , 704 and injection 
in FIG . 8 and described further as follows . Substantially body 706 are designed to remain a single unit under an 
longitudinal fracture 504 is seen in upper face 506 , and internal pressure pulse of up to about 2,041 atm ( 30,000 psi ) 
substantially vertical fracture 508 is seen in side face 510 . generated inside injection body 706 by an exothermic reac 
Longitudinal fracture 504 and vertical fracture 508 together tion of an exothermic reaction component . In this way , the 
form an oriented pulse fracture that is substantially square in 30 pressure pulse and any heat generated by an exothermic 
the cross section through the cement sample 500. In other reaction will be forced through one or more perforations 708 
words , a substantially planar fracture is created in the Y , Z positioned on injection body 706 . 
plane . Upper reinforced plug 704 includes openings 710 , 712 

The oriented pulse fracture extends in both directions with chemical injection conduits 714 , 716 , respectively . 
along the Y and Z axes outwardly from perforated pressure 35 When upper reinforced plug 704 is attached to injection 
pulse spatially - orienting tool 502 forming a substantial plane body 706 , the chemicals that make up the exothermic 
along the Y and Z axes . There are no substantial fractures reaction component can be added to the injection body by 
proceeding outwardly from perforated pressure pulse spa- chemical injection conduits 714 , 716. In the embodiment 
tially - orienting tool 502 along the X axis perpendicular to shown , perforated pressure pulse spatially - orienting tool 700 
the plane formed by the Y and Z axes . The physical 40 is made substantially of steel ; however , in other embodi 
properties of cement sample 500 are substantially the same ments other materials capable of withstanding pressures up 
as those described for cement sample 100 in FIGS . 1A and to about 2,041 atm ( 30,000 psi ) can be used . 
1B . The solution concentration was 3 molar sodium nitrite Additionally , perforated pressure pulse spatially - orienting 
and 3 molar ammonium chloride , with 6.5 pH . The reaction tool 700 is substantially cylindrical and substantially circular 
was triggered by heating cement sample 400 to about 93.3 ° 45 in the cross section . In other embodiments , a perforated 
C. ( about 200 ° F. ) . pressure pulse spatially - orienting tool could be other shapes , 
FIGS . 6A and 6B are pictorial representations showing a such as a substantially rectangular prism , substantially 

longitudinal and vertical fracture generated by a spatially- square in the cross section . In other embodiments , reinforced 
oriented , chemically - induced pressure pulse using direc- plugs can be welded to or integrally molded with the 
tional niches . Cement sample 600 was fractured using 50 injection body , rather than screwing , twisting , or threading 
injection tool 602 to place an exothermic reaction compo- to attach . In other embodiments , more or fewer perforations 
nent in cavity 604 within cement sample 600. Directional can be disposed in any suitable arrangement on a spatially 
niches 606 , 607 , 608 , 609 were drilled on sidewalls 611 , 613 orienting tool to generate fractures in desired , pre - deter 
of the cavity 604 of the cement sample 600. Directional mined planes or configurations in situ . 
niches 606 , 607 , 608 , 609 were formed prior to the experi- 55 FIG . 8 is a pictorial representation of one embodiment of 
ment during casting of the cement sample 600. The experi- a tool used to spatially - orient a chemically - induced pressure 
ment exemplifies creating oriented fractures in real open pulse . Perforated pressure pulse spatially - orienting tool 800 
hole oil wells using directional niches . The exothermic includes an injection body 802 , a perforation 804 , and an 
reaction component was placed in cavity 604 without any injection inlet 806. A second perforation ( not shown ) is 
pressure pulse spatially - orienting tool ; however , in other 60 disposed on injection body 802 opposite to and parallel with 
embodiments a pressure pulse spatially - orienting tool could perforation 804. Perforated pressure pulse spatially - orient 
be used in conjunction with , before , or after directional ing tool 800 was used in the experiment in the embodiment 
niches . of FIG . 5. Injection inlet 806 was capped by a component of 
As can be seen in FIG . 6B , a substantially vertical fracture the biaxial compression system ( not shown ) . Injection body 

610 was created in side face 612 of cement sample 600 , and 65 802 is designed to remain a single unit under an internal 
a substantially longitudinal fracture 614 was created in pressure pulse of up to about 2,041 atm ( 30,000 psi ) gen 
upper face 616 of cement sample 600. Substantially vertical erated inside injection body 802 by an exothermic reaction 
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of an exothermic reaction component . In this way , the In some embodiments , the rotational assembly 910 is 
pressure pulse and any heat generated by an exothermic automated and is controlled by either or both of wireless and 
reaction will be forced through perforation 804 positioned wireless means from the surface . In this way , an operator can 
on injection body 802 . rotate tool head 904 to direct a pressure pulse . One function 

In principle , the tools in FIGS . 8 and 9 are similar ; 5 of centralizer 906 is to ensure tool body 902 is in the 
however , different tool configurations can be used in open geometric center of a wellbore so it is aligned with the hole testing , biaxial compression system testing , in open formation for better controlled spatial orientation of a pres hole operations , and in cased - hole operations . Perforated sure pulse . pressure pulse spatially - orienting tool 800 was used in the Tool head 904 includes reinforced plug 912 , reinforced experiment in the embodiment of FIG . 5 , and injection inlet 10 plug 914 , chemical injection conduit 916 with one way valve 806 was closed during the experiment with biaxial com 
pression machine accessories ( not shown ) . In other embodi 918 , chemical injection conduit 920 with one way valve 922 , 
ments , more or fewer perforations can be disposed on an and pre - slotted liner 924 with rupture membranes 926 . 
injection body . For instance , on a substantially cylindrical Chemical injection conduits 916 , 920 allow for the injection 
injection body , if fracturing were desired in the fashion of 15 of the exothermic reaction component , either in a single step 
substantially perpendicular intersecting vertical planes , four or in multiple steps , into tool head 904. Before the exother 
perforations could be disposed around a substantially cylin mic reaction of the exothermic reaction component is initi 
drical injection body at 90 ° orientations relative to one ated , the exothermic reaction component is disposed within 
another . More than one set of four perforations could be pre - slotted liner 924 . 
disposed along the injection length with the perforations 20 When the exothermic reaction is triggered , rupture mem 
aligned to create fractures aligned with substantially per- branes 926 break or rupture allowing the pressure pulse and 
pendicular intersecting planes . heat generated by the exothermic reaction to proceed out 

The chemicals that make up the exothermic reaction wardly through pre - slotted liner 924. High pressure pulses 
component can be added to injection body 802 by injection are generated by the exothermic reaction component , as 
inlet 806. In the embodiment shown , the perforated pressure 25 discussed previously , and thus reinforced plugs 912 , 914 are 
pulse spatially - orienting tool 800 is made substantially of designed to remain integral with tool head 904 at pressures 
steel ; however , in other embodiments other materials up to about 2041 atm ( 30,000 psi ) . Reinforced plugs 912 , 
capable of withstanding pressures up to about 2,041 atm 914 are similar to reinforced plugs 702 , 704 , shown in FIG . 
( 30,000 psi ) can be used . Additionally , perforated pressure 7. One example of rupture membranes , such as rupture 
pulse spatially - orienting tool 800 is substantially cylindrical 30 membranes 926 , would be rupture disks . The size , location , 
and substantially circular in the cross section . In other orientation , number , material , and pressure rating of rupture 
embodiments , a perforated pressure pulse spatially - orienting membranes is deigned based on the wellbore and reservoir 
tool could be other shapes , such as a substantially rectan- parameters , and by understanding these parameters , the 
gular prism , substantially square in the cross section . In rupture membranes will be suitable to spatially orient a 
other embodiments , reinforced plugs can be welded to or 35 pressure pulse . 
integrally molded with the injection body , rather than screw- The chemical components of the exothermic reaction 
ing or twisting to attach . component in the embodiment of FIG . 9 are injected sepa 
FIG . 9 is a schematic of a tool for spatially orienting a rately into tool head 904 before being triggered . One way 

chemically - induced pressure pulse in an open hole ( without valves 918 , 922 prevent back pressure from flowing back to 
casing ) wellbore in a hydrocarbon - bearing formation . Open 40 coiled tubing in the wellbore , which would result in kicks . 
hole pressure pulse spatially - orienting tool 900 includes a In an open hole wellbore , open hole pressure pulse spatially 
tool body 902 , a tool head 904 , and a centralizer 906 , which orienting tool 900 allows the generated pressure pulse to 
operably couples tool body 902 and tool head 904. In the penetrate the hydrocarbon - bearing formation and orient the 
embodiment shown , the diameter D of tool body 902 and energy in a desired direction . Tool head 904 is rotatable in 
tool head 904 are the same , and D is about 5.08 cm ( about 45 any direction 360 ° around by rotational assembly 910. While 
2 in ) . In other embodiments , the diameters of a tool head and the pressure pulse spatially - orienting tools of FIGS . 7-9 are 
a tool body can be different . In some embodiments , the different and show different levels of mechanical detail , in 
diameter of a tool head and tool body is about 10.16 cm ( 4 principle they all direct a pressure pulse in substantially the 
in ) . Still in other embodiments , the diameter of either or both same way . 
the tool head and tool body is sized so as to accommodate 50 FIG . 10 is an enlarged - view schematic of tool head 904 
the wellbore into which the tool will be disposed for from FIG . 9. As pictured , slots 928 are substantially rect 
generating fractures . angular in shape and disposed a distance D1 apart around the 

Tool body 902 includes latching 908 , which allows for outer edge of tool head 904. In other embodiments , slots for 
secure placement of the tool body into the wellbore , and directing a pressure pulse generated by an exothermic reac 
includes rotational assembly 910. Rotational assembly 910 55 tion component can be any other shape , such as the sub 
allows for 360 ° rotation of tool head 904 relative to tool stantially circular perforation 708 shown in FIG . 7 , and any 
body 902 , as shown by the rotational arrows in FIG . 9 . suitable number and arrangement of any shape perforation 
Centralizer 906 is operably coupled to rotational assembly around tool head 904 is envisioned . 
910 , and centralizer 906 centralizes open hole pressure pulse For instance , on a substantially cylindrical tool head , such 
spatially - orienting tool 900 within a wellbore . Latching 908 60 as tool head 904 , if fracturing were desired in the fashion of 
ensures that tool body 902 “ latches ” or is disposed in the substantially perpendicular intersecting vertical planes , four 
desired specific location in a wellbore , and latching 908 perforations could be disposed around a substantially cylin 
ensures tool body 902 will not slip . Tool body 902 can also drical tool head at 90 ° orientations to one another . More than 
be inserted into a steel casing , and both tool body 902 and one set of four perforations could be disposed along the tool 
casing have smooth surfaces , but when latching 908 is used , 65 head along the length of the tool head with the perforations 
tool body 902 will slide into the casing and latching 908 will aligned to create fractures aligned with substantially per 
lock into grooves in the casing . pendicular intersecting vertical planes . 
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Referring now to FIG . 11 , a schematic is provided of a forations on a pressure pulse spatially - orienting tool could 
tool for spatially orienting a chemically - induced pressure be substantially aligned with directional niches before 
pulse showing alternative rupture membranes and rotational executing a pressure pulse . 
orientation ports . Liner 1100 and liner 1102 provide alter- In FIG . 13 , representing FIG . 6 , the diameter D1 is 7.62 
nate configurations for pre - slotted liner 924 of FIG . 9. For 5 cm ( 3 in ) , the distance D2 is 2.54 cm ( 1 in ) , the distance D3 
example , liner 1100 includes a series of closely - spaced is 12.7 ( 5 in ) , the distance D4 is 2.54 ( 1 in ) , the distance D5 
substantially oval - shaped slots 1104 and substantially cir- is 2.54 ( 1 in ) , the distance D6 is 1.27 cm ( 0.5 in ) , and the 
cular slots 1106. More or fewer substantially oval - shaped or distance D7 is 5.08 cm ( 2 in ) . In other embodiments , any 
substantially circle - shaped slots could be used in other other suitable amount , size , configuration , direction , or type 
embodiments . Substantially oval - shaped rupture membranes 10 of directional niche can be used either with or without a 
fit in slots 1104 , and substantially circle - shaped rupture pressure pulse spatially - orienting tool . 
membranes fit in slots 1106 . Referring now to FIG . 14 , a schematic is provided show 

Liner 1102 includes three rotational orientation ports 1108 ing multiple fractures creating a fracture network extending 
positioned in a substantially straight line . The orientation radially outwardly from a horizontally - drilled wellbore . 
ports are rotatable through a 360 ° angle as shown by the 15 Fractures 1400 form a fracture network 1402. Vertical 
rotational arrow in FIG . 11. The rotation could be automated wellbore 1406 and horizontal wellbore 1404 are shown . 
or adjusted manually by a user , depending on the desired Vertically spatially - oriented fractures such as vertically spa 
orientation of the pressure pulse and fracturing . In other tially - oriented fractures 1408 , 1410 are shown to be sub 
embodiments , more or fewer rotational orientation ports stantially parallel with vertical wellbore 1406 and substan 
could be used , and positioned in any suitable configuration 20 tially perpendicular relative to horizontal wellbore 1404 . 
on liner 1102. A suitable configuration would be one in Such spatially - oriented fractures can be generated in a cased 
which the desired fracking pattern of a rock is obtained . or open - hole wellbore , using the embodiments of spatially 

Referring now to FIG . 12 , a schematic is provided show- orienting tools of the present disclosure discussed previ 
ing a tool for spatially orienting a chemically - induced pres- ously . Other spatial orientations for fractures and fracture 
sure pulse in a cased hole wellbore ( a wellbore with casing ) 25 networks relative to wellbores can be chosen based on 
in a hydrocarbon - bearing formation . Cased hole pressure reservoir and wellbore conditions and characteristics . For 
pulse spatially - orienting tool 1200 includes a centralizer example , substantially horizontal spatially - oriented frac 
1202 , swellable packers 1206 , chemical injection conduits tures could extent radially outward from vertical wellbore 
1208 , 1210 , a low pressure rupture sleeve 1214 and a 1406 and connect with fracture network 1402 . 
reinforced plug 1216. Cased hole pressure pulse spatially- 30 Although the present disclosure has been described in 
orienting tool 1200 is disposed within casing 1204 in a detail , it should be understood that various changes , substi 
wellbore , and the exothermic reaction component is injected tutions , and alterations can be made without departing from 
separately by way of chemical injection conduits 1210 the principle and scope of the disclosure . Accordingly , the 
into low pressure rupture sleeve 1214 . scope of the present disclosure should be determined by the 

Swellable packers 1206 and reinforced plug 1216 are 35 following claims and their appropriate legal equivalents . 
integrally coupled to either the wellbore or each other , or to The singular forms “ a , ” “ an , ” and “ the ” include plural 
the wellbore and each other , such that when low pressure referents , unless the context clearly dictates otherwise . 
rupture sleeve 1214 ruptures , swellable packers 1206 and Optional or optionally means that the subsequently 
reinforced plug 1216 remain in place and a pressure pulse is described event or circumstances can or may not occur . The 
directed radially outwardly from the tool toward casing 40 description includes instances where the event or circum 
1204. In some embodiments , reinforced plug 1216 has a stance occurs and instances where it does not occur . 
pressure rating of up to about 2,041 atm ( 30,000 psi ) and Ranges may be expressed throughout as from about one 
remains in place when the pressure pulse is executed . particular value , or to about another particular value . When 

The pressure pulse and energy released from the exother- such a range is expressed , it is to be understood that another 
mic reaction of the exothermic reaction component will 45 embodiment is from the one particular value or to the other 
cause the low pressure rupture sleeve 1214 to tear , and the particular value , along with all combinations within said 
energy and pressure pulse is released into the perforations range . 
1212 of the casing 1204. While the perforations 1212 in As used in the specification and in the appended claims , 
casing 1204 are substantially circular , perforations in other the words " comprise , ” “ has , ” and “ include ” and all gram 
embodiments can be any other suitable shape , and disposed 50 matical variations thereof are each intended to have an open , 
in any other suitable configuration . A suitable shape and non - limiting meaning that does not exclude additional ele 
configuration allows for the pressure pulse to be directed in ments or steps . 
an orientation to achieve the desired fracturing pattern in a As used throughout the specification and claims , terms 
formation . such as “ first ” and “ second ” are arbitrarily assigned and are 

Referring now to FIG . 13 , a schematic is provided of the 55 merely intended to differentiate between two or more com 
open hole cavity of FIG . 6A with measurements provided for ponents of an apparatus . It is to be understood that the words 
directional niches . Directional niches 606 , 607 , 608 , 609 “ first ” and “ second ” serve no other purpose and are not part 
were made on sidewalls 611 , 613 of the cavity 604 of the of the name or description of the component , nor do they 
cement sample 600. Directional niches 606 , 607 , 608 , 609 necessarily define a relative location or position of the 
were formed prior to the experiment during casting of the 60 component . Furthermore , it is to be understood that that the 
cement sample 600. The experiment exemplifies creating mere use of the term “ first ” and “ second ” does not require 
oriented fractures in real open hole oil wells using direc- that there be any “ third ” component , although that possibil 
tional niches . The exothermic reaction component was ity is contemplated under the scope of the present disclosure . 
placed in cavity 604 without any pressure pulse spatially- What is claimed is : 
orienting tool ; however , in other embodiments a pressure 65 1. A method of increasing a stimulated reservoir volume 
pulse spatially - orienting tool could be used in conjunction in a hydrocarbon - bearing formation , the method comprising 
with , before , or after directional niches . For example , per- the steps of : 
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drilling a first directional niche extending perpendicular to 11. The method of claim 1 , further comprising drilling a 
a wellbore within the hydrocarbon - bearing formation third directional niche and a forth directional niche , the third 
to orient a dominant fracture ; directional niche and the fourth directional niche both per 

drilling a second directional niche extending perpendicu pendicular to the wellbore and aligned with and directly 
lar to the wellbore and aligned with and directly 5 opposite across the wellbore from each other , where the third 
opposite to the first directional niche across the well directional niche is aligned with the first directional niche , 
bore to orient the dominant fracture ; and the fourth directional niche is aligned with the second 

after the steps of drilling , disposing a perforated pressure directional niche . 
pulse spatially - orienting tool within the formation and 12. The method of claim 11 , wherein the first directional 

niche and the third directional niche are about 2 inches apart , aligning a set of perforations on the pressure pulse 
spatially - orienting tool with the first directional niche and the second directional niche and the fourth directional 
and the second directional niche to direct at least one niche are about 2 inches apart . 
single pressure pulse in a pre - determined direction , 13. A method of increasing a stimulated reservoir volume 
including toward the first directional niche and the in a hydrocarbon - bearing formation , the method comprising 
second directional niche ; the steps of : 

disposing in the perforated pressure pulse spatially - ori creating a first perforation extending perpendicular to a 
enting tool an exothermic reaction component ; wellbore within the hydrocarbon - bearing formation to 

orient a dominant fracture ; triggering the exothermic reaction component to generate 
an exothermic reaction which produces a single pres creating a second perforation extending perpendicular to 

the wellbore and aligned with and directly opposite to sure pulse ; and 
generating the single pressure pulse to proceed outwardly the first perforation across the wellbore to orient a 

dominant fracture ; through the set of perforations on the pressure pulse 
spatially - orienting tool , wherein the pressure pulse is after the steps of creating the first perforation and second 
generated within milliseconds such that the single perforation , disposing a perforated pressure pulse spa 

tially - orienting tool within the formation and aligning a pressure pulse is operable to create the dominant frac- 25 
ture extending outwardly and substantially planar from set of perforations on the pressure pulse spatially 
the wellbore on both sides of the wellbore proceeding orienting tool with the first perforation and the second 
in the pre - determined direction , including toward the perforation to direct at least one single pressure pulse in 
first directional niche and the second directional niche , a pre - determined direction , including toward the first 
in less than 5 seconds . perforation and the second perforation ; 

2. The method of claim 1 , where the exothermic reaction disposing in the perforated pressure pulse spatially - ori 
enting tool an exothermic reaction component ; component comprises an ammonium containing compound 

and a nitrite containing compound in an aqueous solution . triggering the exothermic reaction component to generate 
an exothermic reaction which produces a single pres 3. The method of claim 2 , where the ammonium contain sure pulse ; and ing compound comprises NH4Cl and the nitrite containing 35 

compound comprises NaNO2 . generating the single pressure pulse to proceed outwardly 
4. The method of claim 1 , where the triggering step through the set of perforations on the pressure pulse 

further includes a step selected from the group consisting of : spatially - orienting tool , wherein the pressure pulse is 
heating the exothermic reaction component to a temperature generated within milliseconds such that the single 
of the hydrocarbon - bearing formation ; applying microwave 40 pressure pulse is operable to create the dominant frac 
radiation to the exothermic reaction component ; and ture extending outwardly and substantially planar from 

the wellbore on both sides of the wellbore proceeding decreasing the pH of the exothermic reaction component . 
5. The method of claim 1 , where the pressure pulse creates in the pre - determined direction , including toward the 

auxiliary fractures in less than 10 seconds . first perforation and the second perforation , in less than 
5 seconds . 6. The method of claim 1 , further comprising the step of 45 14. The method of claim 13 , where the step of generating rupturing a membrane . 

7. The method of claim 1 , where the step of disposing a the single pressure pulse does not generate fractures pro 
perforated pressure pulse spatially - orienting tool within the ceeding outwardly perpendicular to the dominant fracture . 
formation is controlled remotely from a surface point above 15. The method of claim 13 , further comprising creating 
the formation . a third perforation and a fourth perforation , the third perfo 

8. The method of claim 1 , further comprising the step of ration and the fourth perforation both perpendicular to the 
rotating the perforated pressure pulse spatially - orienting tool wellbore and aligned with and directly opposite across the 
within the formation to direct the spatial orientation of the wellbore from each other , where the third perforation is 
dominant fracture . aligned with the first perforation , and the fourth perforation 

9. The method of claim 1 , where more than one fracture 55 is aligned with the second perforation . 
is created in more than one desired direction with the single 16. The method of claim 15 , wherein the first perforation 
pressure pulse . and the third perforation are about 2 inches apart , and the 

10. The method of claim 1 , where the step of generating second perforation and the fourth perforation are about 2 
inches apart . the single pressure pulse does not generate fractures pro 

ceeding outwardly perpendicular to the dominant fracture . 
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